SUMMARY To assess the presence of residual myocardial ischemia and its prognostic significance soon after an acute myocardial infarction (MI), right atrial pacing (RAP) was performed in 85 consecutive patients 1 day before hospital discharge. No patient was excluded from the study because of his clinical condition. The mean age of the patients was 61.2 years (range 29-85 years). The study was We conclude that RAP can be performed safely in patients after MI. Forty-six percent of all post-MI patients had residual areas of stress-induced myocardial ischemia. RAP was sensitive in predicting subsequent reinfarction, cardiac death, cardiac rehospitalization, angina pectoris and the response to a treadmill test 6 months after MI.
SUMMARY To assess the presence of residual myocardial ischemia and its prognostic significance soon after an acute myocardial infarction (MI), right atrial pacing (RAP) was performed in 85 consecutive patients 1 day before hospital discharge. No patient was excluded from the study because of his clinical condition. The mean age of the patients was 61.2 years (range 29-85 years). The study was performed at the bedside 10-28 days (mean 14.2 days) after the MI. No complications occurred during or after the test. RAP was considered positive if I mm or more of horizontal ST depression developed.
The mean maximal pacing rate achieved was 147 beats/min (range 100-160 beats/min). There were 46 patients (54%) with negative and 39 patients (46%) with positive RAP. Of the 30 patients with anterior MI, 17% had positive RAP, compared with 61% of the 23 with inferior MI and 63% of the 32 patients with subendocardial MI. The average follow-up period was 5.8 months. Among the 46 patients with a negative RAP, there was one sudden death; no reinfarction occurred, but eight patients required cardiac hospitalization and five patients suffered chest pain. Among the 39 patients with a positive RAP, three died (one suddenly and two after reinfarction); four additional patients had reinfarction. There were 20 cardiac hospitalizations in this group. Eighteen patients suffered from chest pain. A treadmill test was performed 6 months after MI in 37 patients. Seventeen of the 21 patients with negative RAP had a negative test, whereas 13 of the 16 with positive RAP had a positive treadmill test 6 months later.
We conclude that RAP can be performed safely in patients after MI. Forty-six percent of all post-MI patients had residual areas of stress-induced myocardial ischemia. RAP was sensitive in predicting subsequent reinfarction, cardiac death, cardiac rehospitalization, angina pectoris and the response to a treadmill test 6 months after MI.
PATIENTS recovering from acute myocardial infarction (MI) are at high risk for reinfarction and cardiac death, especially during the first year after infarction.1-7 Early identification of patients at risk may lead to a more intensive medical or surgical therapy and reduction of reinfarction and cardiac death rate. Several investigators have reported that exercise testing soon after MI can identify a large proportion of this high-risk group.8 13 However, many of the patients in these reports such as those with persistent chest pain or signs of left ventricular failure at the time of discharge or those older than 70 years, were excluded from the studies because of the potential hazard of stress testing, although such patients consitute the high-risk subset. Further, many patients could not perform even the modified exercise test.
In this study we used right atrial pacing (RAP) to assess the presence of residual myocardial ischemia in post-MI patients. This method permits a controlled, stepwise increase in heart rate and consequently in myocardial oxygen demand;14-'6 RAP is not dependent on the patient's physical fitness and if ischemic changes develop they can be reversed immediately by cessation of pacing. These factors make RAP more suitable than exercise testing in post-MI patients.
Methods
In our service, 91 consecutive patients survived an acute MI during a 12-month period commencing in September 1979. RAP was performed successfully in 85; three patients refused the test, and the electrode could not be advanced to the right atrium in three others.
There were 66 males and 19 females, ages 29-85 years (mean 61.2 years). Sixty-three of the patients had suffered their first infarct, 20 their second, and two their third. The site of the infarct was anterior in 30, inferior in 23 and subendocardial in 32. No patient was excluded from the study because of clinical condition, age or physical disability. All patients continued to take their medication on the day of RAP. All patients gave informed consent.
Acute MI was diagnosed when two of the following criteria were met: ischemic chest pain that lasted for more than 30 minutes; elevation of two of the three cardiac enzymes -creatine kinase, aspartate amino transferase or lactic dehydrogenase; and characteristic ECG changes. Transmural MI was diagnosed when a new Q wave appeared, and subendocardial infarction was diagnosed when characteristic ST-T changes appeared in the ECG.
RAP was performed at bedside 10-28 days (mean 14.2 days) after the acute infarction and the patient was discharged from hospital the next day. An arm vein was punctured and a #5F bipolar electrode was advanced through a #14 needle or through an introducing sheath to the right atrium. The electrode position was verified by the appearance of a large negative P wave in the intraatrial recording. A Of the 39 patients with positive RAP, chest pain accompanied the ischemic ST depression in only nine. Four other patients had nontypical chest pain without ST-T changes, but continued despite pain; no ST depression developed and the pain did not increase in intensity. Three patients had multiple ventricular premature complexes, associated with ST depression in two. Three other patients had atrial fibrillation, two at a pacing rate of 140 beats/min and one at 150 beats/min. Pacing was therefore terminated, and sinus rhythm returned spontaneously.
ST elevation occurred in nine patients during pac- Values are mean ± SD. + _ 4 4 i t a > 4 t * -. ' 7 _ * . . . . : > -= ; . > t i t z X | : t X ; W ; 4 t i . W r . s K . ; . X 5 S j X X t ; . > f t S _ 4 t t ! + " t * e : K e E ; _ z N + W q h _ + + h b * h E S + t k F R 5 b * w i S k . . + . Sowton et al.14 in 1967 as a myocardial stressing method for assessing the presence and severity of coronary artery disease. RAP has been used extensively to induce myocardial ischemia.'7-23 Kelemen and co-workers24 and Piessens and co-workers26 found that RAP had a somewhat lower sensitivity and higher specificity than exercise stress testing. However, these studies show that in patients with advanced coronary disease, the sensitivity of RAP increases to about 85%. All of our patients had unequivocal advanced coronary disease, and therefore the diagnostic accuracy of RAP in this group of patients is not in doubt.
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In this study we used RAP to identify stress-induced residual myocardial ischemia in patients recovering from acute MI. Because a preliminary study of 31 patients showed25 that RAP is safe even soon after MI, no patient was excluded from the present study because of clinical condition. In similar studies, using treadmill testing, many high-risk patients, i.e., those with angina pectoris, congestive heart failure, associ- ated valvular or pulmonary disease, or hypertension, were not included.12' 18 RAP could easily be applied at the bedside; all patients tolerated the study well and there were no complications. The three patients who had atrial fibrillation reverted spontaneously to sinus rhythm. The mean maximal heart rate during RAP was 147 beats/min, a rate much higher than that achieved during the "modified" post-MI exercise tests. '2' 18 Of the 85 patients studied, 47% had ischemic ECG changes during RAP. In previous studies on post-MI patients, Theroux and co-Workers'2 found only 30% positives and Davidson and co-workers'8 only 18% positives during treadmill testing. Our explanation of the higher ischemic response to RAP than to treadmill testing is the faster heart rate during RAP and the consequently higher myocardial work load. Further, our patient population differs from the others, as no patient was excluded from our study, compared with a 50% exclusion rate in studies using treadmill testing; therefore, our results probably better represent the true prevalence of residual ischemia in post-MI patients.
Only 17% of the patients with anterior MI had a positive RAP test, compared with 61% of those with inferior and 63% of those with anterior MI. These results suggest that patients with subendocardial MI frequently have critical coronary narrowing, and are therefore at higher risk for reinfarction. This clinical observation seems to be well known to cardiologists and internists, but has been evaluated in only few studies.27-29 The higher frequency of ischemic response to pacing among patients with inferior MI than among patients with anterior MI is consistent with recent reports on the higher incidence of two-and threevessel disease in patients with inferior infarction.8 30 1 Castellanet and co-workers82 performed stress tests in patients with prior MI and found a significantly higher rate of ischemic response among patients who had inferior MI than among those who had anterior MI (84% vs 52.1%).
Chest pain accompanied ST depression in only nine of the 35 patients with positive RAP (26%). This is in accordance with the prevailing concept that chest pain is an insensitive index of mycocardial ischemia.U. 84 333 VOL 65, No 2, FEBRUARY 1982 Ventricular arrhythmias occurred in only three patients during atrial pacing (4%), in striking contrast to exercise testing soon after MI, which evoked ventricular arrhythmias in 20-38% of the patients. 12 13, 36 Four patients died during the relatively short follow-up period of this study (mean 5.8 months). One had a negative RAP, a massive anterior MI and severe congestive heart failure and died suddenly. Three other patients had a positive RAP; two died after reinfarction and one died suddenly. Six patients had reinfarction (including the two who died); all had positive RAP. Thus, RAP seems to be a better predictor for later reinfarction than for cardiac death. Reinfarction seems to be related to the presence of critical coronary stenosis, whereas cardiac death is influenced by other important factors, such as infarct size, congestive heart failure, and serious ventricular arrhythmias. -6, 36-39 There were 20 cardiac hospitalizations among the 39 patients with positive RAP, compared with eight among the 46 with negative RAP. Most hospitalizations among patients with positive RAP were due to chest pain or reinfarction, whereas among those with a negative RAP, the presence of arrhythmias was the main cause of hospitalization. Three patients underwent coronary arteriography because of disabling angina pectoris; in all three, severe coronary narrowing requiring cardiac surgery was found. No patient with negative RAP required coronary angiography. The clinical symptoms at discharge (angina pectoris, congestive heart failure or an increased cardiothoracic ratio) were less indicative of subsequent unstable angina pectoris, recurrent MI or death than was the RAP test.
RAP was sensitive in predicting the presence of an ischemic response to the treadmill test performed 6 months after the infarct. Of the 21 patients in the group with negative RAP, 17 (80%) had negative treadmill test, and of the 16 with positive RAP, 13 (81%) had a positive treadmill test. Thus, ischemic changes present immediately after the infarct tend to persist. In the small group of patients who had positive RAP and 6 months later had a negative treadmill test, it is possible that effective collateral circulation had developed, whereas in the small group with negative RAP who had positive treadmill test 6 months later, it is possible that coronary disease had progressed to produce critical narrowing.
RAP could be performed at the bedside in all patients. Although the test is invasive, it involves an inconvenience similar to that of inserting an i.v. line. The test does not require the patient's cooperation, and is not dependent on physical fitness, which is extremely poor in many post-MI patients. Thus, most patients find this test easier and less tiring than a test that requires physical effort. RAP has the advantage over treadmill testing that the heart rate increases under a strict control and if ischemic changes develop, they can be reversed immediately by cessation of pacing. For these reasons, RAP is safer and therefore more suitable than exercise testing for post-MI patients. We did not exclude any patient from the study, in contrast to exercise testing where in some studies more than 50% of the patients, including many who carry a high risk, were excluded. This difference in population material and the faster heart rate achieved during RAP explain the higher percentage of ischemic responses to RAP (46%) than to exercise testing. The difference in population may explain also the higher incidence of death in our population (four deaths during a follow-up period of 5.8 months), compared with a less than 2% annual mortality found by Davidson and co-workers. 13 We conclude that RAP can be performed safely soon after MI in all patients. This test provides important information about cardiac morbidity and mortality. Further studies are required before changes in the therapeutic approach can be based on the result of the RAP in the individual patient.
